The six-step synthesis of hypericin by the regioselective two-fold Diels-Alder reaction of 1,4-benzoquinone first with (1-methoxy-3-methylbuta-1,3-dienyloxy)trimethylsilane leading to 7-methyljuglone, and next with (1,3-dimethoxybuta-1,3-dienyloxy)trimethylsilane, to give emodin and its O-methylated derivative. The reduction of both compounds with tin(II) chloride in acidic media was accompanied by acid hydrolysis that produced emodin anthrone, whose oxidative dimerization with iron (III) chloride hydrate gave the bianthrone in high yield. The oxidation of the bianthrone in the presence of Nethyldiisopropylamine gave protohypericin, which was converted into hypericin upon irradiation.
In this paper, we report a short route to hypericin via emodin anthrone starting from 1,4-benzoquinone involving the two-fold Diels-Alder reaction. Our synthetic pathway to hypericin consists of a six-step synthetic procedure as shown in Scheme 1. Either 2 or 3 is the key precursor of hypericin, and both are anthraquinone derivatives bearing a methyl group at the 6-position and three hydroxyl groups at the 1, 3, and 8-positions. The key problem of their synthesis is the introduction of such functionalities at the suitable positions. Calculations using the frontier molecular orbital theory predict that secondary orbital interaction controls the direction of cycloaddition [6a-d] from 1,4-benzoquinone; namely, 7-methyljuglone formed by the initial Diels-Alder reaction of 1,4-benzoquinone and (1-methoxy-3-methylbuta-1,3-dienyloxy)trimethylsilane [6a,d] followed by acid hydrolysis is expected to react with (1,3-dimethoxybuta-1,3-dienyloxy)-trimethylsilane [7] in a regioselective manner leading to the desired adduct, the emodin precursor.
The Diels-Alder reaction of 1,4-benzoquinone and (1-methoxy-3-methylbuta-1,3-dienyloxy)trimethylsilane was carried out in benzene at 50 o C and the workup followed by acid hydrolysis afforded 7-methyljuglone NPC Natural Product Communications [4c] in 28% and 68%, respectively, was afforded after a similar workup. Anthraquinones 5a and 5b are naturally occurring and were readily converted into 2 by acid hydrolysis. The structural elucidation of 5a and 5b was done by reduction with tin (II) chloride in acetic acid containing hydrochloric acid to 3, whose NOE between the protons at the 10-position, chemoselectively introduced by reduction of the carbonyl group, and the two peri-protons at the 4-, and 5-positions unambiguously established its structure. As expected, this second Diels-Alder reaction proceeded in a highly regioselective manner. The reduction was accompanied by acid hydrolysis leading to 3. Despite the low yield of 4 by the first Diels-Alder reaction and sequential acid hydrolysis, the present synthetic method is not only simple, but also the most practical of those already reported for 2 [3, 8] and 3 [5a] .
The conversion of 3 into 1 was completed by the previously established procedure [9] with modifications. The oxidative coupling of 3 using iron (III) chloride hydrate gave the bianthrone (6) [10] in 77% yield as a mixture of diastereomers, which was oxidized under an oxygen atmosphere in the presence of N-ethyldiisopropylamine to yield protohypericin (7) [5c,9] in 98% yield. This procedure was much improved by using the tertiary amine in an organic solvent. The final step was the photooxidation of 7 leading to 1. A solution of 7 in acetone was irradiated under a high-pressure mercury lamp to give 1 in 31% yield after purification by column chromatography. The spectral data are in agreement with those reported. The yield in this step was low, but not inferior to the procedure using 2. The patent procedure [11] for the oxidation of protohypericin to hypericin leads to the improvement of the yield. Thus, the synthesis of hypericin was accomplished by a six-step synthetic procedure, starting from 1,4-benzoquinone.
Experimental
General: Melting points were determined on a hot stage microscope apparatus (Mitamura). NMR spectra were recorded on a Bruker AVANCE-400 at 400 MHz and 100 MHz respectively. The chemical shifts (δ) are reported in ppm downfield from TMS as internal standard or from the residual solvent peak. Coupling constants (J) are reported in Hz. Low resolution mass spectra (MS) were recorded by the JEOL JMS-K9 spectrometers. Elemental analysis was recorded on a Perkin-Elmer 2400CHN elemental analyzer. Analytical TLC was carried out on precoated silica gel 60F-254 plates (E. Merck). Column chromatography was performed on silica gel (E. Merck).
7-methyljuglone (4)
A solution of 1,4-benzoquinone (1.50 g, 13.4 mmol) was added to a solution of (1-methoxy-3-methylbuta-1,3-dienyoxy)trimethylsilane (1.26 g, 6.76 mmol) in benzene (8 mL), and the combined solution was stirred at room temperature for 5 hr and then heated at 50 o C overnight. After removal of the solvent, the residue was treated with aqueous hydrochloric acid (5%, 32 mL) in THF (10 mL) at room temperature for 3 hr. The product obtained after removal of the organic solvent was extracted with chloroform. The organic layer was 
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Physcion (5a) and 6,8-O,O'-dimethylemodin (5b):
A solution of 4 (1.06 g, 5.62 mmol) in benzene (30 mL) was added to (1,3-dimethoxybuta-1,3-dienyloxy)-trimethylsilane (2.28 g, 11.2 mmol) in benzene (15 mL) and the resulting solution was stirred at room temperature for 3 hr and then heated at 70 o C for a day. The residue obtained after removal of the solvent was treated with aqueous hydrochloric acid (5%, 32 mL) in THF (45 mL) at room temperature for a day. After removal of the organic solvent, the products were extracted with chloroform. The organic layer was dried over sodium sulfate and condensed in vacuo. The crude products were purified with silica gel column chromatography (chloroform) to give 5a (0.45 g, 28%) and 5b (1.14 g, 68%). Emodin anthrone (3) from 5a and 5b: A warm solution of tin (II) chloride hydrate (1.07 g, 4.78 mmol) in conc. hydrochloric acid (5.5 mL) was added to a suspension of 5a (136 mg, 0.478 mmol) in acetic acid (10 mL) to give the red-colored solution. After the solution was heated at 120 o C one day, it was poured into ice-water and the precipitate, 3, was collected by filtration and dried (118 mg, 96%). The similar procedure using 5b (231 mg, 0.774 mmol) in acetic acid (15 mL), tin (II) chloride hydrate (1.07 g, 4.78 mmol) in conc. hydrochloric acid (9.2 mL) gave 3 (189 mg, 95%). Emodin (2) from 5a and 5b: After a solution of 5a (300 mg, 1.05 mmol) and hydrobromic acid (48%, 59 mL) in acetic acid (59 mL) was heated at 125 o C for 12 h, ice-water was added and the precipitate was filtered. The dried product was purified with silica gel column chromatography (chloroform-ethyl acetate) to give 2 (258 mg, 91%). The similar procedure using 5b (300 mg, 1.01 mmol) and hydrobromic acid (29 mL) in acetic acid (59 mL) afforded 2 (129 mg, 47%) along with 5a (53 mg, 18% Emodin bianthrone (6) [10] : A solution of iron (III) chloride hydrate (127 mg, 0.468 mmol) in ethanol (12 mL) was added drop wise to a solution of emodin anthrone (100 mg, 0.390 mmol) in ethanol (25 mL) within 45 min. After heating at 4 h under reflux, the solution was poured into an aqueous hydrochloric acid (5%, 50 mL) and the product was extracted with ether. After being dried over sodium sulfate and removal of the solvent, the residue was purified with column chromatography (chloroform:methanol = 20:1) to give 6 (78 mg, 77%) as a diastereomeric mixture. 1 Protohypericin (7) [5d]: A solution of 6 (94 mg, 0.184 mmol) and N-ethyldiisopropylamine (0.12 mL, 0.703 mmol) in acetonitrile (50 mL) was bubbled with oxygen gas for 15 min and heated under reflux and an oxygen atmosphere for 2 h. After removal of the solvent, the solution was poured into aqueous hydrochloric acid (10%, 65 mL) and the precipitate was washed with water. The collected precipitate was treated with acetone and the extract was concentrated in vacuo. The product was purified with silica gel column chromatography (chloroform and acetone) to give 7 (146 mg, 98%). 
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